Background While there are validated patient-reported outcomes (PRO) instruments for use in specific cancer populations, no validated general instruments exist for use in conditions common to multiple cancers, such as muscle wasting and consequent physical disability. The Medicare Current Beneficiary Survey (MCBS), a survey in a nationally representative sample of Medicare beneficiaries, includes items from three well known scales with general applicability to cancer patients: Katz activities of daily living (ADL), Rosow-Breslau instrumental ADL (IADL), and a subset of physical performance items from the Nagi scale. Objective This study evaluated properties of the Katz ADL, Rosow-Breslau IADL, and a subset of the Nagi scale in patients with pancreatic cancer, lung cancer, and myeloproliferative neoplasms (MPN) using data from MCBS linked with Medicare claims in order to understand the potential utility of the three scales in these populations; understanding patient-perceived significance was not in scope. Methods The study cohorts included Medicare beneficiaries aged C65 years as of 1 January of the year of their first cancer diagnosis with one or more health assessments in a community setting in the MCBS Access to Care data from 1991 to 2009. Beneficiaries had at least two diagnoses in de-identified Medicare claims data linked to the MCBS for one of the following cancers: pancreatic, lung, or MPN. The Katz ADL, Rosow-Breslau IADL, and Nagi scales were calculated to assess physical functioning over time from cancer diagnosis. Psychometric properties for each scale in each cohort were evaluated by testing for internal consistency, test-retest reliability, and responsiveness by comparing differences in mean scale scores over time as cancer progresses, and differences in mean scale scores before and after hospitalization (for lung cancer cohort). Results The study cohorts included 90 patients with pancreatic cancer, 863 with lung cancer, and 135 with MPN. Among each cancer cohort, the Katz ADL, RosowBreslau IADL, and Nagi scales had acceptable internal consistency (Cronbach's alpha generally between 0.70 and 0.90) and test-retest reliability for consecutive surveys before diagnosis and consecutive surveys after diagnosis (when patients' functioning was more stable). Compared with mean scale scores at the survey 1-2 years before cancer diagnosis (baseline), mean scale scores at the first survey after cancer diagnosis were significantly higher (P \ 0.05), indicating worsening, for Katz ADL, RosowBreslau IADL, and Nagi scales (items scored 0-1) (0.54 vs. 
are consistent with clinical worsening following diagnosis or hospitalization. These results suggest that using retrospective data may allow researchers to conduct preliminary assessments of existing PRO instruments in new populations of interest and generate useful exploratory disease information before embarking on de novo PRO development.
Key Points for Decision Makers
• The Katz activities of daily living (ADL), Rosow- Breslau instrumental ADL, and Nagi scales demonstrated acceptable reliability and responsiveness among patients with pancreatic cancer, lung cancer, or myeloproliferative neoplasms in the Medicare Current Beneficiary Survey • Using retrospective survey data allows researchers to conduct preliminary assessment of existing patientreported outcomes (PRO) scales (or select items from them) in populations of interest where de novo instrument development for each population may be impractical
Introduction
A number of instruments measuring patient-reported outcomes (PROs) are in common use in cancer populations. Some of these instruments are validated for use in specific individual cancer indications (e.g., Functional Assessment of Cancer Therapy-Lung [FACT-L] [1] and Functional Assessment of Cancer Therapy-Pancreatic cancer [FACT-PA] [2, 3] ). Others are general instruments independent of cancer (e.g., Euro-QoL 5-Dimension [EQ-5D] [4] ) or focus on a specific symptom that may present in similar ways in multiple cancers (e.g., Functional Assessment of Cancer Therapy: Fatigue [FACT-F] [5] ). Developing PRO instruments that can be used to evaluate heterogeneous conditions like cachexia that can present in a variety of ways in different cancers can be very challenging. In this study, we describe an approach for the initial evaluation of the psychometric properties of PRO instruments in multiple cancers using retrospective data in order to understand whether the instruments could generate useful exploratory information in new populations. Cachexia is a multifactorial syndrome defined by an ongoing loss of skeletal muscle mass that cannot be fully reversed by conventional nutritional support and leads to progressive functional impairment [6] . As cachexia may differ by cancer type, it was of interest to identify attributes that could be used to evaluate the impact of cancer cachexia across multiple cancers without de novo instrument development for each cancer type. An expected impact of cachexia is a decline in daily functioning, and the goal of this study was to evaluate changes in measures of patient daily function over time across a set of patients with three different cancer indications (pancreatic cancer, lung cancer, or myeloproliferative neoplasms [MPN] ) using existing data. The MPN cohort included chronic myeloid leukemia (CML) and non-CML patients.
Three well known general scales potentially pertinent to the decline in health functioning in pancreatic cancer, lung cancer, or MPN are included in the Medicare Current Beneficiaries Survey (MCBS), a multipurpose survey of a nationally representative sample of the Medicare population linked to de-identified Medicare claims data [7] . These scales are the Katz [8] activities of daily living (ADL) items, the Rosow-Breslau [9] instrumental ADL (IADL) items, and the Nagi [10] physical performance items. These three scales have demonstrated reliability and consistent relationships to a number of objective tests of performance and health outcomes in a wide variety of prominent studies and populations taking place over decades of research [11] [12] [13] . For example, the consistency of these scales has been evaluated among 5,986 older adults from the Longitudinal Study on Aging [11] , and the correlation of ADL scales with hemoglobin was evaluated among 586 elderly cancer patients undergoing chemotherapy [12] . The association between comorbidities and functional status measures using all three scales was evaluated among 4,162 older adults, including 376 self-reporting diagnoses of cancer enrolled in the Duke Established Populations for Epidemiologic Studies of the Elderly [13] .
All of the items from the Katz ADL and Rosow-Breslau IADL scales, and a subset of the items from the Nagi scale, were selected for inclusion in the MCBS. The MCBS has been used to evaluate health functioning status in many populations-for example, in studies including older adults without initial ADL limitations [14] , older women [15] , patients diagnosed with Alzheimer's and other dementias [16] , patients diagnosed with diabetes [17] , or studies evaluating the impact of cancer diagnosis on functional status [18] .
This research evaluated the psychometric properties of the Katz, Rosow-Breslau, and Nagi instruments in the subpopulations of interest (pancreatic cancer, lung cancer, and MPN) using existing data from the MCBS and linked Medicare claims data. Specifically, this study evaluated the internal consistency, test-retest reliability, and mean scale scores of the scales over time as cancer progresses, and the association of the scales with a clinical outcome: hospitalization. This study evaluated the potential use of existing PRO instruments in future clinical trials with specific cancer subpopulations for which new treatments are under development. The study did not aim to demonstrate full validity of the instruments analogous to US FDA guidelines but to demonstrate the usefulness of the instruments in understanding disease in additional populations. Understanding the usefulness of well known generic instruments in specific disease states could provide a less costly and more convincing alternative to developing and validating new disease-specific PRO scales for every disease state of interest, particularly when many characteristics are common across a number of related and relatively rare diseases.
Methods

Data Source
This study used an integrated database combining survey responses from the MCBS Access to Care files and the Centers for Medicare and Medicaid Services (CMS) administrative claims data for Medicare beneficiaries [19] . Fig. 1 for sample selection.
Patient Characteristics
Patient characteristics were described using survey responses and medical claims data in the year of first cancer diagnosis for the cancer cohorts and in the first year with a survey in the overall MCBS population. Patient characteristics were also evaluated for subpopulations of pancreatic and lung cancer patients with only one survey after cancer diagnosis and with two or more surveys after cancer diagnosis. Patient characteristics included demographic characteristics (identified using responses to the survey), comorbidity profile, the Charlson Comorbidity Index (CCI; a weighted sum of 17 conditions predictive of 1-year mortality, with an index range of 0-33) and the individual conditions included in the index [21, 22] , the proportions of patients actively using cancer treatments, and annual medical costs. Medical costs were inflated to $US, year 2009 values, using the Consumer Price Index for Medical Care [23] . No statistical comparisons were made among the overall MCBS populations and the cancer cohorts.
Patient-Reported Outcomes Scales and Scoring
Using the MCBS questionnaires for the period of 1991-2009, the Katz ADL scale, Rosow-Breslau IADL scale, and a subset of the Nagi scale, were calculated to assess health status and physical functioning over time. The Katz ADL scale questions in the MCBS asked patients whether they had any difficulty doing the following everyday activities by themselves, without special equipment, because of a health or physical problem: (1) bathing or showering; (2) dressing; (3) eating; (4) getting in or out of bed or chairs; (5) walking; and (6) using the toilet. The Rosow-Breslau IADL scale questions asked patients whether they had any difficulty doing the following everyday activities by themselves because of a health or physical problem: (1) using the telephone; (2) doing light housework (like washing dishes, straightening up, or light cleaning); (3) doing heavy housework (like scrubbing floors or washing windows); (4) preparing (your/his/her) own meals; (5) shopping for personal items (such as toiletries or medicines); and (6) managing money (like keeping track of expenses or paying bills). The MCBS asked 5 of the 12 Nagi health functioning questions about how difficult it is on average for patients to do each of the following activities because of a health or physical problem: (1) stooping, crouching, or kneeling; (2) lifting or carrying objects as heavy as 10 pounds, like a sack of potatoes; (3) writing or handling and grasping small objects; (4) walking for a quarter mile-that is, about 2 or 3 blocks; and (5) reaching or extending your arms above shoulder level.
Following an approach by Wolinsky et al. [24] , items were scored as dichotomous variables (0 = no; 1 = yes), and scale scores were calculated as the sum of item scores. For the Nagi scale, two item-scoring approaches were used-scoring each item 0-1 (0 = no difficulty at all; 1 = any level of difficulty); and scoring each item 1-5 (1 = no difficulty at all; 2 = a little difficulty; 3 = some difficulty; 4 = a lot of difficulty; 5 = not able to do it).
Scale scores with missing item responses were imputed only if half the items from the original scale were present by pro-rating the score (e.g., if scale range is 0-6, three items were answered and the sum of the answered items was three, then scale score = 6). Scale score ranges were based on the number of questions asked in the MCBS. For example, the original Nagi health functioning scale has 12 questions but only five were asked in the MCBS, therefore the Nagi scale range in this study was 0-5, with 0-1 item scoring, or 5-25 with 1-5 item scoring. Moreover, because fewer than six (half of the original 12 questions) were asked in the MCBS, there was no imputation of the Nagi scale score if a patient did not respond to one of the Nagi items asked in the MCBS.
Psychometric Properties Evaluation
Test for Internal Consistency
Internal consistency measures the homogeneity of the scale, or the extent to which various items included in a scale measure a single concept. Internal consistency was evaluated using Cronbach's alpha, which reflects the average correlation among all the items in the scale. In general, alpha of 0.7 or greater indicates acceptable reliability [25] . The internal consistency of each scale was evaluated at each survey relative to cancer diagnosis, from up to 3 years before cancer diagnosis to 4 years after cancer diagnosis depending on sample size, and for each cancer cohort.
Test-Retest Reliability
Test-retest reliability was used to assess the concordance between scale scores obtained from the same patient at different points in time. For each scale and cancer cohort, test-retest reliability was evaluated by calculating the intraclass correlation coefficient (ICC) [26] and the concordance correlation coefficient (CCC) [27] for consecutive annual surveys: before first cancer diagnosis; for the first survey before and the first survey after the cancer diagnosis; and for the first two surveys after the cancer diagnosis. The sample size for test-retest reliability assessment was smaller for each cohort because included patients were required to have two consecutive surveys. Test-retest reliability was also evaluated for subpopulations of pancreatic and lung cancer patients with only one survey after cancer diagnosis and with two or more surveys after cancer diagnosis.
Responsiveness
2.5.3.1 Mean Scale Scores Pre and Post Cancer Diagnosis Mean scale scores were reported for two surveys before the first cancer diagnosis and two surveys after the first cancer diagnosis for each of the cancer cohorts, as well as for subpopulations of pancreatic and lung cancer patients with only one survey after cancer diagnosis and with two or more surveys after cancer diagnosis. Generalized estimating equation models taking into account repeated patient measures were used to compare mean scale scores approximately 2 years before diagnosis (baseline) and the first survey after diagnosis, as well as to compare mean scale scores at baseline and the second survey after diagnosis. P values \ 0.05 were considered to indicate statistically significant differences.
Comparison of Scale Scores
Pre and Post Hospitalization Patient scale scores were compared before and after a hospitalization among lung cancer patients, the largest cohort, using paired t tests. Due to smaller sample sizes, similar analyses were not conducted in the pancreatic and MPN populations.
Results
Patient Characteristics
Patients with pancreatic cancer, lung cancer, or MPN had similar mean age and gender distribution as patients in the overall MCBS population, with the exception of a higher proportion of men among patients with lung cancer (likely due to higher historical smoking rates among men). Patients in cancer cohorts had a higher average CCI than patients in the MCBS population, and there was a higher proportion of patients with diagnoses for chronic conditions other than cancer (e.g., congestive heart failure, peripheral vascular disease, chronic pulmonary disease, diabetes for pancreatic and, to a lesser extent, lung cancer populations). Annual medical costs for pancreatic cancer, lung cancer, or MPN were also higher than those for the overall MCBS population ($US56,023; $US62,545; $US20,734 vs. $US9,088, respectively). Medical costs were mostly driven by outpatient/other costs and inpatient costs. See Table 1 for descriptive results. No statistical comparisons were conducted.
Test for Internal Consistency
The Katz ADL, Rosow-Breslau IADL, and Nagi scales had acceptable internal consistency (Cronbach's alpha generally between 0.70 and 0.90) among patients with pancreatic cancer, lung cancer, or MPN (Table 2 ).
Test-Retest Reliability
Overall, the Katz ADL, Rosow-Breslau IADL, and Nagi scales had good test-retest reliability for consecutive surveys before diagnosis and consecutive surveys after diagnosis even though consecutive surveys were conducted a year apart. As expected, test-retest reliability was higher for consecutive surveys before diagnosis and consecutive surveys after diagnosis (when patients' functioning was more stable) than for the survey preceding cancer diagnosis and the first survey after cancer diagnosis, except for the MPN population. Test-retest reliability was the highest among pancreatic cancer patients for consecutive surveys before diagnosis and consecutive surveys after diagnosis ( Table 3) 
Responsiveness
Mean Scale Scores Over Time
Mean Katz ADL, Rosow-Breslau IADL, and Nagi scale scores were increasing (suggesting worsening of functional status) before cancer diagnosis and immediately after diagnosis among the three cancer cohorts. Changes in mean score were observed in multiple scale items. Compared with mean scale scores at the survey 1-2 years before cancer diagnosis (baseline), mean scale scores at the first survey after cancer diagnosis were significantly (P \ 0.05) higher for Katz ADL, Rosow-Breslau IADL, and Nagi scales with items scored 0-1 (0.54 vs. MPN) . Mean scale score at the second survey after cancer diagnosis was also significantly higher compared with baseline except for the Katz ADL scale among pancreatic cancer patients (Table 4) .
Comparison of Scale Scores Pre and Post Hospitalization
Among lung cancer patients with at least one hospitalization, Katz ADL, Rosow-Breslau IADL, and Nagi scale scores (items scored 0-1) increased significantly following a hospitalization (from 0.89 to 1.29; from 1.41 to 2.16; from 2.57 to 3.14; respectively), suggesting a worsening of functional status (Table 5 ).
Population Heterogeneity
Pancreatic and lung cancer patients with only one survey after cancer diagnosis had different characteristics, suggestive of more advanced cancer, than those with two or more surveys after diagnosis. Pancreatic and lung cancer Subpopulations of pancreatic cancer and lung cancer patients with only one survey after diagnosis also had higher mean scale scores at the first survey after diagnosis (worse functional status) than those with two or more surveys after diagnosis (no statistical comparison conducted), and, for most scales, lower test-retest reliability assessed between the survey preceding cancer diagnosis and the first survey after cancer diagnosis, consistent with having more advanced cancer and greater declines in functioning than those with two or more surveys after cancer diagnosis (data available upon request).
Discussion
This study described an approach for the initial evaluation of the psychometric properties of existing PRO scales from existing data to demonstrate their usefulness for understanding disease in new populations of interest. Specifically, data from the MCBS linked to Medicare claims data were used to test the psychometric properties of items from Katz ADL, Rosow-Breslau IADL, and Nagi scales among patients with pancreatic, lung, and MPN cancers. The data collected in the MCBS demonstrated acceptable internal consistency (Cronbach's alpha generally between 0.70 and 0.90) among the cancer cohorts and test-retest reliability for consecutive surveys before diagnosis and consecutive surveys after diagnosis (when patients' functioning was more stable), even though consecutive surveys were conducted a year apart. Compared with mean scale scores at the survey 1-2 years before cancer diagnosis (baseline), mean scale scores at the first survey after cancer diagnosis were significantly higher. Among lung cancer patients, scale scores increased significantly following a hospitalization, suggesting a worsening of functional status. The sample size for patients with pancreatic cancer and MPN was too small to compare the difference in scale scores before and after hospitalization. The psychometric findings are encouraging that inclusion of the Katz, Rosow-Breslau, and Nagi scales in confirmatory clinical trials of pancreatic, lung, and MPN cancers is appropriate, and could demonstrate changes in functional outcomes associated with efficacious treatment. Although the 1-year interval between functional assessments in MCBS precludes a fine-grained examination of the sensitivity of the scales over brief timespans, the data do suggest the scales are sensitive, in cohort-level analyses, to functional changes associated with important events, such as cancer onset and hospitalization in the lung cancer cohort.
Researchers who wish to use or adapt existing PRO scales for a population of interest, in which the scales have not been previously validated, could incorporate a similar approach to create a PRO instrument that would provide useful information about the target population, even though the instrument should not be implied to be substitutable for one created by ground-up development. Review of existing data could initially test the psychometric properties and the sensitivity of the PRO scales in the population of interest, before conducting costly prospective development and validation work. Existing survey data that capture health status and functioning over time, especially if it is linked to MCBS Medicare Current Beneficiary Survey, MPN myeloproliferative neoplasms, pts patients a Characteristics were evaluated using responses to the survey (for demographics) and medical claims data (for comorbidities, active treatments, and medical costs) in the year of first diagnosis for cancer cohorts and in the year of first survey for the MCBS population Table 2 Internal consistency testing: Cronbach's alpha coefficients Cronbach's alpha for each scale was calculated using only surveys with non-missing responses to all items in the scale claims so that patient diagnoses could be confirmed, are a valuable resource for researchers. This approach can help researchers evaluate the psychometric properties of scales, identify trends in health status/functioning changes in specific populations, and conduct hypothesis-generating analyses for future prospective studies. Advantages of using longitudinal retrospective survey data, and specifically MCBS linked to Medicare claims data, include the low cost (as it does not require recruitment and prospective data collection), a diverse nationally representative population of Medicare beneficiaries, the ability to select cohorts of interest using diagnoses and procedures recorded in claims data, bigger samples that may allow testing for statistical significance, PRO assessments across multiple years for many patients, and the availability of patient resource use and cost data from medical claims.
Retrospective data studies could be subject to limitations. Limitations of this study included relying on the accuracy of diagnosis coding in claims data to identify cancer patients and a lack of disease staging or cachexiaspecific disease information. To ensure that patients had pancreatic cancer, lung cancer, or MPN, two claims on different dates with cancer diagnosis codes were required. No washout period was required prior to first cancer diagnosis. To the extent that the first cancer diagnosis in the available claims data was not the first cancer diagnosis, the survey timing relative to cancer diagnosis may not be accurate, and changes in scale scores as cancer progresses may appear smaller. Preliminary exploratory analyses requiring washout of different durations before first cancer diagnosis suggested that findings were not sensitive to washout requirements. This study was limited to community-dwelling cancer patients aged 65 years and over at first diagnosis and therefore may not be generalizable to all patients with pancreatic cancer, lung cancer, or MPN. In addition, these populations may not be representative of other cancer or non-cancer populations.
Another limitation of this study is that no work was carried out to establish content validity, the extent to which the scales measure all the dimensions of the disease state. However, the purpose of the study was to initially evaluate the utility of using PRO scales in populations in which they have not been validated without costly de novo PRO instrument development. The Nagi scales evaluated in this study included only 5 of the 12 questions in the original Nagi questionnaire, but even the scales constructed from the five questions asked in the MCBS had good psychometric properties among the three cancer cohorts. Moreover, while patients participating in the MCBS were surveyed four times a year, the PRO scales were collected only once a year. More frequent assessments would have allowed for more precise evaluation of the test-retest reliability (typically evaluated within 2 weeks), the relationship between cancer diagnosis and PRO scales, as well as the association of PRO scales and clinical outcomes. While a finding of test-retest instability over consecutive annual periods would be ambiguous because it would be unclear whether it is due to measurement variability or changes over time, acceptable test-retest reliability for consecutive surveys before cancer diagnosis and following cancer diagnosis still suggests test-retest reliability. Direct linkage of the changes observed in daily function to cachexia was outside of the scope of this study. In addition, the small sample size, especially among pancreatic cancer patients, limited the ability to test for the association of PRO scales with clinical outcomes.
Conclusions
Results of the psychometric examination of the Katz ADL, Rosow-Breslau IADL, and Nagi scales collected in the MCBS using Medicare claims data demonstrate acceptable internal consistency and test-retest reliability among patients with pancreatic cancer, lung cancer, and MPN. The psychometric findings suggest that inclusion of the Katz, Rosow-Breslau, and Nagi scales in confirmatory clinical trials of pancreatic, lung, and MPN cancers is appropriate, and could demonstrate changes in functional outcomes associated with efficacious treatment. More generally, these results suggest that retrospective survey data may be useful for the initial assessment of the psychometric properties of existing PRO scales in other populations of interest. In some cases, analyses of retrospective survey data may also be useful for preliminary exploration of disease hypotheses in those populations. Further research in this area could greatly facilitate the ability to understand small populations of interest before costly and lengthy de novo PRO instrument development. 
